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Outline

Compare simulation and beam test results

* runs with 120 GeV proton beams launched
toward center of the detector

— Aerogel n=1.03
— Aerogel n=1.025

* Cherenkov Ring Radius
* Number of Cherenkov Photons
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Simulation Setup

* Aerogel
—n=1.03
— Thickness = 3.3cm

* Fresnellens

—f=3"=76.2mm
* Beam
— 120 GeV proton

— (x,y)=(0,0)mm
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Analysis

* Sensor
— Q.E. applied
— Pixel size 6x6mm?

* On Beam Test Data Yy
— HITTIMEWINDOW=200Q' us

— 40<Tover threshold<70
(signal amplitude) d’ A 4

* RingFinder Algorithm )‘
— Expected (r,a,b)=(15.9, 0,0) mm (Har )
— Deviation (o,, 0,),) =(3, 3)mm 8%

r — 2
W, = exp ( ur)‘

2X 02
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Cherenkov Ring Radius —

Analytical calculation : 1129 gev proton = 15.9 mm

Simulation Beam Test
e eff.=74.8% e + eff.=71.7%
: r=15.8 mm f r=15.9 mm
" g 0=1.0 mm >F o=1.1 mm
0.3 0.3
0.2:— 0.2:—
0.1} s 0.1 . "
e i e e T T e P e R
r (mm) r (mm)

* Only the rings that are sitting in the central area of the sensor are counted
» Efficiency is the number of rings which have radius within expected range
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Number of Cherenkov Photons per Event—

Analytical calculation: N = 10.3

Simulation Beam Test
01~ { mean=11.4 B mean=13.1
- 0.05F
0.08— 0=2.9 - 0=3.1
- 0.04f
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Simulation Setup

* Aerogel
—n=1.025
— Thickness = 2cm

* Fresnellens

—f=3"=76.2mm
* Beam
— 120 GeV proton

— (x,y)=(0,0)mm



Simulation

* Sensor
— Q.E. applied
— Pixel size 6x6mm?
* RingFinder Algorithm

— Expected
(r,a,b)=(14.0, 0,0) mm

— Deviation
(Gr; O-a’b) =(3, 3)mm

Analysis

),

Beam Test

e (Cut
— HITTIMEWINDOW=200 pus
— 40<Tover threshold<70

* RingFinder Algorithm

— Expected
(r,a,b)=(14.0, 0,0) mm

— Deviation
(Gr; O-a’b) =(3, 6)mm
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Cherenkov Ring Radius —

Simulation Beam Test
o5l eff.=37.4% F eff.=64.1%
i r=15.2 mm [ r=15.1 mm
r 0=1.3 mm “F 0=2.2 mm
0-3; 0.3:— ;
0.2— + 0.2 .
0.1 0.1
087‘ "1‘0‘ "1‘2.‘ ‘.!1‘4 T 1‘8‘ ‘"55‘ | 22r(mle1n) 087‘ | ‘1‘0'“—!1‘2‘ | ‘1‘4" ‘1‘6‘ | ‘1‘8.‘ | '56' | -2% (mzrz}n)

* We may see no difference between 14.0mm and 15.9 ring radii due to limitation of
pixel size (6x6mm?)
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Number of Photons

A‘Z —7\2
(A1-345x1077) dx56.29x10~20| 11
N = 2nad (1 — ) 0.92-0.92 j 0.34e 2x(119x1077)% ./(0.83e A% —
B2n2 — 12
A1 Aerogel transmission
Analytical calculation: N =7.3
Simulation Beam Test
- 0.04F
ooF mean=9.3 : mean=9.7
0.05— ;
F 0=2.6 003 0=3.5
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Transmission of Hubert’s Aerogel \QS_’
(03-28-2016)

Normalized Photon Spectrum (Hubert's agel)

1
- * Unscattered photon A 0.9873 = 0.01512

ratio
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Result Summary

Radius (mm) Num. of Photon
Analytical number 15.9 14.0 10.3 7.3
simulation 15.8+1.0 15.2+1.3 11.4+2.9 9.3+2.6
Beam test 15.9+1.2 15.1+2.2 13.1+3.1 9.7 £3.3
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To Do

 Beam test analysis
— Review 120 proton beam data

— pion runs
* Paper
* Belle 2 analysis
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Cherenkov Ring Radius —

Aerogel Air ¢

Focal plane

Estimated value of
Cherenkov ring radius

in modular RICH detector:
,"0(\5 .
(e“\AO" 9\_\? ______ )_Q'___ r Proportional to focal length Gaps between sensors
e ’
545 16 / /

Incident particle '

r=f-tan8 — 3.54
=f- \/(nz_l)pz_m‘z’ — 3.54

2
(2-n?)p?+m;

_ - |(uo32-npi-m§
= 76.2 \[(2—1.032)p2+m(2) 3.54

- - _‘ '_ - U - . - -

lens

10/24/16 Cheuk-Ping Wong (GSU) 17



$»

Number of Cherenkov Photons per Event—

Maximum number of Cherenkov photons:

A,
N = 27Tad j

. 2.2
Fine structure const. <« / ,8 n\A
B=

Thickness of radiator v/c Refractive index of radiator

Estimated number of Cherenkov photonsin modular RICH detector:
Fresnel lens transmission

A2

(A-345x1077)° dx56.29x1072°| 1)
)- 0.92 -IO.92 f 0.34e 2x(119x1077)%\.[(0.83¢ A% Z

K /

Aerogel transmission

N = 2rad (1 —

ﬂZnZ

Glass window transmission
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Design of 15t Modular RICH Prototype—

Aerogel Thickness = 3.3cm I
Refractive indexn =1.03 (e ' .
T~k S ]
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Ring Finder Algorithm

Hough Transform Algorithm

Hough
o0 Ny
E70 ~ |RMsx 1065 . .
~ 60 - ey oo The most possible ring
" is the densest bin in
Find all possible rings 3 the probability density
in an event 0 histogram S
0 Entries 10
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Details of Detector Setup  —

Sensor plane viewed from the back

—  f—
1 mm

Side view

sensor

2mm 1

Glass window




Radius (in each event) Dlstrlbutlo

Normalized Radius Distribution (infinite pixel)
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Sensor 2 Sensor 1

|

r=18.7+0.60 mm

10/24/16

Sensor 3 Sensor 4
Not on scale

Fexpected =18.7-3.54 (gap) £0.60 £3 (half of single pixel size)
=15.2 +3.6mm
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Weight Functions

a? + b? (r — 15.9)%
Wcenter = €XP |— 2% 32 W, =exp|— 2% 32
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